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I. Introduction
The system ZrO 2 -Y 2 0 3 (YSZ) has been much studied. 1 ' 2 This reflects the importance of ZrO 2 (stabilized) as a refractory material, for solid electrolyte and fuel coll applications and more recently as precise oxygen sensors for use in automotive and steel manufacture.
The effect of the Y 2 03 additions is to stabilize the high temperature cubic ZrO 2 phase. Without adequate stabilization, the cubic fluorite phase transforms on cooling below -23006C to the tetragonal form, which in turn transforms to the stable low temperature monoclinic phase below -11509C.
This latter phase change is accompanied by a 4-5 vol. increase, which is disruptive of the structure.
It is now generally agreed that -9 mol% Y203 addition is sufficient to fully stabilize the cubic ZrO 2 phase. In practice the ZrO 2 -9 mol% Y203 composition has also been found to have the highest electrical conductivity in the system. As a result it is widely used for oxygen (gas) sensor applications, where high electrical conduction is a necessary design parameter.
Electrical conduction in the system ZrO 2 -y 2 0 3 above 7000C is due almost entirely to high anion mobility (t 0 -) 0.99) via vacancies. Little data exists, however, on the electrical properties of the YSZ crystals, paticularly when doped with rare earth and multivalent cations.
Likewise the effect of this doping on the infrared transmission spectra has not been determined. The object of this study. therefore, was to characterize the effects of the various dopants on the optical and electrical properties of YSZ crystals.
Samples used in this study were 9.5 mol% Y20 3 This allowed direct comparison with samples 1, 2 and 7. 8. which were of identical composition.
Ontinal SMOetra
Samples for optical evaluation were prepared from each crystal. The samples were cut plane parallel about 2 -m thick in a direction normal to the growth axis. Nominal diameters were about 2.0 ca. The samples were * polished on both sides to transparency using 600 SiC [Carborundumi grit and 15 ps and 6 pm diamond paste. Care was taken to avoid too reflective a surface on the specimen faces.
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Each sample was optically scanned over the spectral range 0.3 ps to 50 pm, incorporating both the visible and infrared ranges. For the IR ranges (50 pa-2.5 pm) a Beckman IR-12 Spectrophotometer was used in the double-beam mode. A Nicolet FT-Il Spectrophotoeter was also used over the same IR range and permitted more accurate interpretation of the data.
Wavelengths spanning the near infrared and visible regions (2.5 pm-0.6$ pm) and (0.65 pm-0 . 3 pm) were scanned using a Cary-14 Spectrophotometer.
Eleotrical Condutivity
Samples for electrical conductivity measurements were cut plane parallel as described previously and shaped geometrically to approximately I cm x 1 cm x 0.2 cm. Electrodes were applied to both faces of the sample using platinum paste which was fired at 8000C for 10 min. 
III. Results and Discussion
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I Fig. 3 . Optical transuissica spectra for YSZ crystals with dopants l1ONi/Br) and l2(CeIEr) as given in Table 1 .
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Transmission spectra in the visible range are given for these dopants in Fig. 1 . Numbering of the curves in the figures correspond to the data in Table 1 .
Relative transmission values may not be strictly comparable, however.
due to differences in sample thickness and surface finish. The spectra show generally good transmission in the range 4500 1-6500 1. with the absorption edge around 3400 1 (~ 1.4 eV), except for Fe doping (Curve 6) which showed a significant shift of the absorption edge to -4100 1. This is in line with the well-known absorption of the blue (ultraviolet) end of the spectrum by Fe 3 + ions in glasses. Other than the shift of absorption edge, no significant absorption peaks were observed in this spectral region.
The basic YSZ crystals were clear or colorless (sample 16 in Table 1) and moderately transmitting in the visible region, as shown in Fig. 2 , Addition of Nd also gave clear crystals which became progressively more grey with increase in Nd content (samples 14 and 15).
Doping with
Ce imparted an orange coloration to the crystal (sample 2)
tending to red (sample 3) as the Ce concentration was increased. Annealing of the Ce doped crystals removed the coloration and gave a normal spectra (sample 1, Fig. 2 ). The spectra for the unannealed sample shows high transmission in the red region and significant absorption at -4700 1,
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attributed to a significant concentration of CeS+ ions. The similarity of the spectra for samples 1, 16, and 4 (No/Cr) would suggest that the ions substitute on regular cation sites in YSZ lattice.
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Apart from Ce , the only strong absorption peaks observed ware for Er doping (samples 11 and 12). This area of the spectrum has a,; been well studied. IFig.
6.
Typical far infrared transmission spectra for the YSZ-C9.5 BOIS !SOS) single crystals. [I .
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structure of the spectra represents bonding characteristics within the fluorite structure. 
ElectiScAl Coduotivitv
1.
For YSZ samples containing 9.5 aol. Y20, dopant and annealing effects were particularly noticeable in the visible spectra. Co Er, Fe, and Co doping showed the most significant changes. Effect of annealing was apparently to reduce Ce 3 + and defect concentration.
2.
The IR spectra appeared less affected by dopants, except In the near [ infrared. Relatively high transmission was obtained for all crystals up to 7 pm cutoff.
3.
Dopant influence on electrical conductivity was not significant. 
